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1
HYBRID VEHICLE AND PARAMETER
DISPLAY METHOD FOR HYBRID VEHICLE

This is a 371 national phase application of PCT/JP2009/
065923 filed 11 Sep. 2009, the contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

The present invention relates to a hybrid vehicle and a
parameter display method for a hybrid vehicle, and more
particularly to a technique of switching parameter display
manners between when a hybrid vehicle is controlled in a first
mode and when a hybrid vehicle is controlled in a second
mode.

BACKGROUND ART

Hybrid vehicles equipped with engines and motors as driv-
ing sources are conventionally known. A hybrid vehicle is
equipped with a power storage device such as a battery for
storing electric power to be supplied to a motor. The battery is
charged with electric power generated by a power generator
driven by an engine and electric power regenerated using the
motor during deceleration of the vehicle.

Such a hybrid vehicle can run using either one or both of an
engine and a motor as a driving source, depending on an
operation state of the vehicle. Therefore, for example, when
the vehicle speed is low, the engine is stopped and only the
motor can be used as a driving source for running.

In a running state in which the engine is stopped and only
the motor is used as a driving source, no exhaust gas is emitted
and therefore the impact on the environment is small. There-
fore, it is desired to indicate the current operation state rela-
tive to the operation region in which the engine can be
stopped, so that the state in which the engine is stopped can be
maintained as long as possible.

Japanese Patent Laying-Open No. 2008-74321 (Patent
Document 1) discloses an indicator apparatus for a hybrid
vehicle that incorporates an internal combustion engine and
an electric motor as motive power sources, and that is capable
of traveling in one of traveling modes including a first mode
where traveling is performed while the internal combustion
engine is stopped and a second mode where traveling is
performed while both of the internal combustion engine and
the electric motor are operated. The indicator apparatus
includes: a control portion switching between the traveling
modes based on an output demand from a driver; a first
indicator portion indicating a first state amount that changes
in accordance with the output demand from the driver; and a
second indicator portion indicating, as corresponded to the
first state amount, a second state amount that shows switching
of the traveling modes.

Japanese Patent Laying-Open No. 2008-74321 further dis-
closes that when starting of the internal combustion engine is
demanded based on a prescribed condition, the traveling
mode is forcibly switched to the second mode, and the second
state amount is changed so as to show that the second mode is
selected for an entire range of the first state amount.

Japanese Patent Laying-Open No. 2008-74321 further dis-
closes that when a switch for selecting traveling in the first
mode is operated by the driver, a threshold value for switching
the traveling modes is changed so that a range in which
traveling is performed in the first mode is increased, and the
second state amount is changed in accordance with the
change of the threshold value for switching. The 106-th para-
graph of Japanese Patent Laying-Open No. 2008-74321
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describes that the traveling mode is switched to HV mode
(second mode) and threshold value TH (second state amount)
is returned to a normal value when the state of charge
becomes not greater than a prescribed value.

CITATION LIST
Patent Document

Patent Document 1: Japanese Patent [aying-Open No. 2008-
74321

SUMMARY OF INVENTION
Technical Problem

In the indicator apparatus disclosed in Japanese Patent
Laying-Open No. 2008-74321, the manner of displaying the
state amount is switched as a result of starting of the engine.
However, a hybrid vehicle is basically designed to repeat
driving and stopping of the engine. Therefore, if the manner
of displaying the traveling state is switched by driving of the
engine, the display manner may be frequently switched.
Thus, the driver’s visibility may be impaired. On the other
hand, if the manner of displaying the traveling state is fixed, it
is difficult to provide the driver proper information in accor-
dance with the operation state. In any case, the driver’s con-
venience may be impaired.

The present invention is made to solve the aforementioned
problem. An object of the present invention is to improve the
driver’s convenience concerning display of a parameter rep-
resenting an operation state of a hybrid vehicle.

Solution to Problem

A hybrid vehicle is provided with an engine, an electric
motor, and a power storage device that stores electric power to
be supplied to the electric motor. The hybrid vehicle runs
using at least one of driving forces including a driving force of
the engine and a driving force of the electric motor. The
hybrid vehicle includes: a control unit that determines a
parameter of the hybrid vehicle in accordance with a driver’s
operation, controls the hybrid vehicle in accordance with the
parameter in a first mode when a state of charge of the power
storage device is equal to or smaller than a threshold value,
and controls the hybrid vehicle in accordance with the param-
eter in a second mode when a state of charge of the power
storage device is greater than the threshold value; and a dis-
play unit that displays the parameter. In the first mode, the
control unit controls such that the engine is stopped when the
parameter is smaller than a predetermined first value and such
that the engine is driven when the parameter is equal to or
greater than the first value. In the second mode, the control
unit controls such that the engine is stopped when the param-
eter is smaller than a second value greater than the first value
and such that the engine is driven when the parameter is equal
to or greater than the second value. The display unit displays
the parameter in different manners between when the hybrid
vehicle is controlled in the first mode and when the hybrid
vehicle is controlled in the second mode.

In this hybrid vehicle, the parameter determined in accor-
dance with the driver’s operation is displayed in different
manners between when the hybrid vehicle is controlled in the
first mode and when the hybrid vehicle is controlled in the
second mode. The region in which the hybrid vehicle is con-
trolled in the first mode includes a region in which the engine
is stopped and a region in which the engine is driven. Simi-
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larly, the region in which the hybrid vehicle is controlled in
the second mode includes a region in which the engine is
stopped and a region in which the engine is driven. Therefore,
the parameter display manner in the case where the engine is
driven and the parameter display manner in the case where the
engine is stopped can be made equal. Therefore, even when
the engine repeats driving and stopping, the display manner
can be the same. As a result, the driver’s visibility can be
improved. When the state of charge of the power storage
device is equal to or smaller than the threshold value, the
hybrid vehicle is controlled in the first mode. When the state
of charge of the power storage device is greater than the
threshold value, the hybrid vehicle is controlled in the second
mode. The region in which the engine is stopped and the
hybrid vehicle runs only with the driving force of the electric
motor in the second mode is larger than the region in which
the engine is stopped and the hybrid vehicle runs only with the
driving force of the electric motor in the first mode. Therefore,
the parameter determined in accordance with the driver’s
operation is displayed in different manners between when
control is such that the engine is stopped and the hybrid
vehicle mainly runs only with the driving force of the electric
motor and when control is such that the hybrid vehicle runs
efficiently using both of the engine and the electric motor.
Accordingly, the driver can be provided with proper informa-
tion in accordance with the operation state of the hybrid
vehicle. As a result, the driver’s convenience concerning dis-
play of the parameter representing the operation state of the
hybrid vehicle can be improved.

Preferably, the display unit displays the parameter together
with a third value greater than the first value when the hybrid
vehicle is controlled in the first mode. The display unit dis-
plays the parameter together with the second value in place of
the third value when the hybrid vehicle is controlled in the
second mode.

Preferably, the display unit displays the parameter while
displaying the third value using an indication at a predeter-
mined location when the hybrid vehicle is controlled in the
first mode. The display unit displays the parameter while
displaying the second value in place of the third value using
the indication when the hybrid vehicle is controlled in the
second mode.

Preferably, the hybrid vehicle further includes a light por-
tion which turns on when the engine is stopped in the second
mode, and turns off when the engine is driven in the second
mode.

Preferably, the parameter is power.

Advantageous Effects of Invention

The manner of displaying a parameter of a hybrid vehicle
that is determined in accordance with an operation of the
driver can be made equal between when the engine is driven
and when the engine is stopped, and in addition, the parameter
can be displayed in different manners in accordance with a
control mode of the hybrid vehicle. Therefore, the driver’s
convenience concerning display of the parameter represent-
ing an operation state of the hybrid vehicle can be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic configuration diagram showing a
plug-in hybrid vehicle.

FIG. 2 is a first diagram showing an electrical system of the
plug-in hybrid vehicle.

FIG. 3 is a second diagram showing an electrical system of
the plug-in hybrid vehicle.

20

35

40

45

50

55

60

65

4

FIG. 4 is an illustration showing a connector of a charging
cable.

FIG. 5 is a diagram showing a region in which a CS mode
is selected and a region in which a CD mode is selected.

FIG. 6 is a diagram showing a period during which an
engine is driven.

FIG. 7 is an illustration showing an instrument panel.

FIG. 8 is an illustration showing a system indicator appear-
ing on a display.

FIG. 9 is an illustration showing the system indicator
appearing on the display in the CS mode.

FIG. 10 is an illustration showing the system indicator
appearing on the display in the CD mode.

FIG. 11 is a first diagram showing a flowchart showing a
control structure of the hybrid vehicle.

FIG. 12 is a second diagram showing a flowchart showing
a control structure of the hybrid vehicle.

DESCRIPTION OF EMBODIMENTS

In the following, an embodiment of the present invention
will be described with reference to the figures. In the follow-
ing description, the same parts are denoted with the same
reference numerals. Their designations and functions are also
the same. Therefore, a detailed description thereof will not be
repeated.

Referring to FIG. 1, a plug-in hybrid vehicle is equipped
with an engine 100, a first MG (Motor Generator) 110, a
second MG 120, a power split mechanism 130, a speed
reducer 140, and a battery 150. Although a plug-in hybrid
vehicle is described by way of example in the following
description, a hybrid vehicle that does not have a charge
function from an external power source may be used in place
of a plug-in hybrid vehicle.

Engine 100, first MG 110, second MG 120, and battery 150
are controlled by an ECU (Electronic Control Unit) 170. ECU
170 may be divided into a plurality of ECUs.

This vehicle runs using a drive force from at least one of
engine 100 and second MG 120. More specifically, either one
or both of engine 100 and second MG 120 are automatically
selected as a driving source depending on an operation state.

For example, when the accelerator position is small and
when the vehicle speed is low, the plug-in hybrid vehicle runs
on only second MG 120 as a driving source. In this case,
engine 100 is stopped. However, engine 100 is sometimes
driven, for example, for power generation.

On the other hand, when the accelerator position is large,
when the vehicle speed is high, or when the SOC (State of
Charge) of battery 150 is small, engine 100 is driven. In this
case, the plug-in hybrid vehicle runs on only engine 100 or
both of engine 100 and second MG 120 as a driving source.

This vehicle runs while, for example, automatically
switching between a CS (Charge Sustaining) mode and a CD
(Charge Depleting) mode. It is noted that the CS mode and the
CD mode may be manually switched.

In the CS mode, the plug-in hybrid vehicle runs while
maintaining electric power stored in battery 150 at a pre-
scribed target value.

In the CD mode, the plug-in hybrid vehicle runs using
electric power, mainly using the driving force of second MG
120, without maintaining electric power stored in battery 150
for running. However, inthe CD mode, for example, when the
accelerator position is large and when the vehicle speed is
high, engine 100 may be driven to supplement the driving
source.

The CS mode may also be referred to as an HV mode.
Similarly, the CD mode may also be referred to as an EV
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mode. It is noted that the HV mode (CS mode) and the EV
mode (CD mode) in the subject application differ from the
HV mode and the EV mode described in Japanese Patent
Laying-Open No. 2008-74321. The CS mode and the CD
mode will be described in more detail later.

Engine 100 is an internal combustion engine. An air-fuel
mixture is burned in a combustion chamber to rotate a crank
shaft serving as an output shaft. Exhaust gas emitted from
engine 100 is cleaned by a catalyst 102 and thereafter emitted
to the outside of the vehicle. Catalyst 102 performs a cleaning
function when warmed up to a specific temperature. Catalyst
102 is warmed up by heat of the exhaust gas. Catalyst 102 is,
for example, a three-way catalyst.

Engine 100, first MG 110, and second MG 120 are con-
nected via power split mechanism 130. Motive power gener-
ated by engine 100 is split into two paths by power split
mechanism 130. One of the paths is a path for driving front
wheels 160 through speed reducer 140. The other is a path for
driving first MG 110 for power generation.

First MG 110 is a three-phase alternating current electric
rotating machine including a U-phase coil, a V-phase coil, and
a W-phase coil. First MG 110 generates electric power using
motive power of engine 100 that is split by power split mecha-
nism 130. The electric power generated by first MG 110 is
used depending on the running state of the vehicle or the state
of charge of battery 150. For example, in the normal running,
electric power generated by first MG 110 is directly used as
electric power for driving second MG 120. On the other hand,
when SOC of battery 150 is lower than a predetermined value,
electric power generated by first MG 110 is converted from
alternating current into direct current by an inverter described
later. Thereafter, the voltage is adjusted by a converter
described later and then stored in battery 150.

When first MG 110 acts as a power generator, first MG 110
generates negative torque. Here, negative torque refers to
such torque that becomes a load on engine 100. When first
motor MG 110 receives power supply and acts as a motor, first
MG 110 generates positive torque. Here, positive torque
refers to such torque that does not become a load on engine
100, that is, such torque that assists in rotation of engine 100.
This is applicable to second MG 120.

Second MG 120 is a three-phase alternating current elec-
tric rotating machine including a U-phase coil, a V-phase coil,
and a W-phase coil. Second MG 120 is driven by at least one
of electric power stored in battery 150 and electric power
generated by first MG 110.

The driving force of second MG 120 is transmitted to front
wheels 160 through speed reducer 140. Accordingly, second
MG 120 assists engine 100 or allows the vehicle to run with
the driving force from second MG 120. The rear wheels may
be driven in place of or in addition to front wheels 160.

At the time of regenerative braking of the plug-in hybrid
vehicle, second MG 120 is driven by front wheels 160
through speed reducer 140, so that second MG 120 operates
as a power generator. Thus, second MG 120 operates as a
regenerative brake which converts braking energy into elec-
tric power. The electric power generated by second MG 120 is
stored in battery 150.

Power split mechanism 130 is formed of a planetary gear
train including a sun gear, pinion gears, a carrier, and a ring
gear. The pinion gears are engaged with the sun gear and the
ring gear. The carrier supports the pinion gears such that they
are rotatable on their own axes. The sun gear is coupled to the
rotation shaft of first MG 110. The carrier is coupled to the
crank shaft of engine 100. The ring gear is coupled to the
rotation shaft of second MG 120 and speed reducer 140.
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Engine 100, first MG 110, and second MG 120 are coupled
via power split mechanism 130 formed of the planetary gear
train, so that the rotational speeds of engine 100, first MG
110, and second MG 120 have the relation represented by a
straight line in an alignment chart.

Battery 150 is a battery pack configured such that a plural-
ity of battery modules, each formed by integrating a plurality
of'battery cells, are connected in series. The voltage of battery
150 is, for example, about 200 V. Battery 150 is charged with
electric power supplied from first MG 110 and second MG
120 as well as a power source external to the vehicle. A
capacitor may be used in place of or in addition to battery 150.

Referring to FIG. 2, an electrical system of the plug-in
hybrid vehicle will be further described. Provided in the plug-
in hybrid vehicle are a converter 200, a first inverter 210, a
second inverter 220, an SMR (System Main Relay) 230, a
charger 240, and an inlet 250.

Converter 200 includes a reactor, two npn transistors, and
two diodes. The reactor has one end connected to the positive
electrode side of each battery and has the other end connected
to a node between the two npn transistors.

The two npn transistors are connected in series. The npn
transistors are controlled by ECU 170. A diode is connected
between the collector and the emitter of each npn transistor to
allow current to flow from the emitter side to the collector
side.

As the npn transistor, for example, an IGBT (Insulated
Gate Bipolar Transistor) can be used. In place of the npn
transistor, a power switching element such as a power MOS-
FET (Metal Oxide Semiconductor Field-Effect Transistor)
can be used.

When electric power discharged from battery 150 is sup-
plied to first MG 110 or second MG 120, the voltage is
boosted by converter 200. Conversely, when electric power
generated by first MG 110 or second MG 120 is supplied to
battery 150, the voltage is decreased by converter 200.

A system voltage VH between converter 200 and each
inverter is detected by a voltage sensor 180. The detection
result from voltage sensor 180 is sent to ECU 170.

First inverter 210 includes a U-phase arm, a V-phase arm,
and a W-phase arm. The U-phase arm, the V-phase arm, and
the W-phase arm are connected in parallel. The U-phase arm,
the V-phase arm, and the W-phase arm each have two npn
transistors connected in series. A diode is connected between
the collector and the emitter of each npn transistor to allow
current to flow from the emitter side to the collector side.
Then, the node between the npn transistors in each arm is
connected to the end different from a neutral point 112 of each
coil of first MG 110.

First inverter 210 converts direct current supplied from
battery 150 into alternating current and supplies the alternat-
ing current to first MG 110. First inverter 210 converts alter-
nating current generated by first MG 110 into direct current.

Second inverter 220 includes a U-phase arm, a V-phase
arm, and a W-phase arm. The U-phase arm, the V-phase arm,
and the W-phase arm are connected in parallel. The U-phase
arm, the V-phase arm, and the W-phase arm each have two
npn transistors connected in series. A diode is connected
between the collector and the emitter of each npn transistor to
allow current to flow from the emitter side to the collector
side. Then, the node between the npn transistors in each arm
is connected to the end different from a neutral point 122 of
each coil of second MG 120.

Second inverter 220 converts direct current supplied from
battery 150 into alternating current and supplies the alternat-
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ing current to second MG 120. Second inverter 220 converts
alternating current generated by second MG 120 into direct
current.

Converter 200, first inverter 210, and second inverter 220
are controlled by ECU 170.

SMR 230 is provided between battery 150 and charger 240.
SMR 230 is a relay for switching between a state in which
battery 150 and the electrical system are connected and a state
in which they are cut off. When SMR 230 is in an open state,
battery 150 is cut off from the electrical system. When SMR
230 is in a closed state, battery 150 is connected to the elec-
trical system.

More specifically, when SMR 230 is in an open state,
battery 150 is electrically cut off from converter 200, charger
240, and the like. When SMR 230 is in a closed state, battery
150 is electrically connected to converter 200, charger 240,
and the like.

The state of SMR 230 is controlled by ECU 170. For
example, when ECU 170 is activated, SMR 230 is closed.
When ECU 170 is stopped, SMR 230 is opened.

Charger 240 is connected between battery 150 and con-
verter 200. As shown in FIG. 3, charger 240 includes an
AC/DC converter circuit 242, a DC/AC converter circuit 244,
an isolation transformer 246, and a rectifier circuit 248.

AC/DC converter circuit 242 is formed of a single-phase
bridge circuit. AC/DC converter circuit 242 convers AC (al-
ternating current) power into DC (direct current) power based
on a drive signal from ECU 170. AC/DC converter 242 also
functions as a boost chopper circuit which boosts voltage by
using a coil as a reactor.

DC/AC converter circuit 244 is formed of a single-phase
bridge circuit. DC/AC converter circuit 244 converts DC
power into high-frequency AC power based on a drive signal
from ECU 170 and outputs the AC power to isolation trans-
former 246.

Isolation transformer 246 includes a core made of a mag-
netic material, and a primary coil and a secondary coil wound
around the core. The primary coil and the secondary coil are
electrically isolated from each other and connected to DC/AC
converter circuit 244 and rectifier circuit 248, respectively.
Isolation transformer 246 transforms the high-frequency AC
power received from DC/AC converter circuit 244 into a
voltage level corresponding to a turns ratio between the pri-
mary coil and the secondary coil, and outputs the transformed
AC power to rectifier circuit 248. Rectifier circuit 248 recti-
fies the AC power output from isolation transformer 246 into
DC power.

Voltage between AC/DC converter circuit 242 and DC/AC
converter circuit 244 (terminal-to-terminal voltage of a
smoothing capacitor) is detected by a voltage sensor 182, and
a signal representing the detection result is input to ECU 170.
Output current of charger 240 is detected by a current sensor
184, and a signal representing the detection result is input to
ECU 170. Furthermore, the temperature of charger 240 is
detected by a temperature sensor 186, and a signal represent-
ing the detection result is input to ECU 170.

When battery 150 is charged from a power source external
to the vehicle, ECU 170 generates a drive signal for driving
charger 240 and outputs the generated drive signal to charger
240.

ECU 170 has a failure detection function for charger 240 in
addition to the control function for charger 240. When the
voltage detected by voltage sensor 182, the current detected
by current sensor 184, the temperature detected by tempera-
ture sensor 186, or the like is equal to or greater than a
threshold value, the failure of charger 240 is detected.
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Inlet 250 is provided, for example, on a side of the plug-in
hybrid vehicle. Inlet 250 is connected with a connector 310 of
a charging cable 300 for coupling the plug-in hybrid vehicle
to an external power source 402.

Charging cable 300 for coupling the plug-in hybrid vehicle
to external power source 402 includes connector 310, a plug
320, and a CCID (Charging Circuit Interrupt Device) 330.

Connector 310 of charging cable 300 is connected to inlet
250 provided on the plug-in hybrid vehicle. Connector 310 is
provided with a switch 312. When switch 312 is closed while
connector 310 of charging cable 300 is being connected to
inlet 250 provided on the plug-in hybrid vehicle, a connector
signal CNCT is input to ECU 170 to indicate that connector
310 of charging cable 300 is being connected to inlet 250
provided on the plug-in hybrid vehicle.

Switch 312 opens/closes in connection with a latch for
latching connector 310 of charging cable 300 with inlet 250 of
the plug-in hybrid vehicle. The latch is swung by the operator
pressing a button provided on connector 310.

For example, when the operator releases the finger from a
button 314 of connector 310 shown in FIG. 4 while connector
310 of charging cable 300 is being connected to inlet 250
provided on the plug-in hybrid vehicle, a latch 316 engages
with inlet 250 provided on the plug-in hybrid vehicle, and
switch 312 closes. When the operator presses button 314,
latch 316 is disengaged from inlet 250, and switch 312 opens.
It is noted that the way to open/close switch 312 is not limited
thereto.

Returning to FIG. 3, plug 320 of charging cable 300 is
connected to a receptacle 400 provided at the house. Recep-
tacle 400 is supplied with AC power from power source 402
external to the plug-in hybrid vehicle.

CCID 330 has a relay 332 and a control pilot circuit 334.
When relay 332 is in an open state, a path for supplying
electric power from power source 402 external to the plug-in
hybrid vehicle to the plug-in hybrid vehicle is cut off. When
relay 332 is in a closed state, electric power can be supplied
from power source 402 external to the plug-in hybrid vehicle
to the plug-in hybrid vehicle. The state of relay 332 is con-
trolled by ECU 170 while connector 310 of charging cable
300 is being connected to inlet 250 of the plug-in hybrid
vehicle.

Control pilot circuit 334 sends a pilot signal (square wave
signal) CPLT to a control pilot line in a state in which plug 320
of charging cable 300 is connected to receptacle 400, that is,
external power source 402, and connector 310 is connected to
inlet 250 provided on the plug-in hybrid vehicle. The pilot
signal is produced from an oscillator provided inside control
pilot circuit 334.

Control pilot circuit 334 may output constant pilot signal
CPLT when plug 320 of charging cable 300 is connected to
receptacle 400, even when connector 310 is detached from
inlet 250 provided on the plug-in hybrid vehicle. However,
ECU 170 cannot detect pilot signal CPLT output in a state in
which connector 310 is detached from inlet 250 provided on
the plug-in hybrid vehicle.

When plug 320 of charging cable 300 is connected to
receptacle 400 and connector 310 is connected to inlet 250 of
the plug-in hybrid vehicle, control pilot circuit 334 produces
pilot signal CPLT having a predetermined pulse width (duty
cycle).

With the pulse width of pilot signal CPLT, the plug-in
hybrid vehicle is notified of the possible current-carrying
capacity. For example, the plug-in hybrid vehicle is notified
of the current-carrying capacity of charging cable 300. The
pulse width of pilot signal CPLT is constant independent from
voltage and current of external power source 402.
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On the other hand, if the kind of charging cable to be used
is different, the pulse width of pilot signal CPLT may be
different. In other words, the pulse width of pilot signal CPLT
may be set for each kind of charging cable.

In the present embodiment, battery 150 is charged with
electric power supplied from external power source 402 in a
state in which the plug-in hybrid vehicle and external power
source 402 are coupled to each other by charging cable 300.
During charging of battery 150, SMR 230 and relay 332 in
CCID 330 are closed.

AC voltage VAC of external power source 402 is detected
by a voltage sensor 188 provided inside the plug-in hybrid
vehicle. The detected voltage VAC is sent to ECU 170.

Referring to FIG. 5, the CS mode and the CD mode will be
further described. ECU 170 determines which mode of the CS
mode and the CD mode is to be selected. For example, if SOC
of'battery 150 is equal to or smaller than a threshold value, the
CS mode is selected. If SOC of battery 150 is greater than the
threshold value, the CD mode is selected.

More specifically, the CS mode is selected when SOC of
battery 150 is equal to or smaller than the threshold value, or
when the electrical system of the plug-in hybrid vehicle is
stopped last time in a state in which the CS mode is selected.

The CD mode is selected when SOC of battery 150 is
greater than the threshold value and there exists a history of
charging battery 150 by power source 402 external to the
plug-in hybrid vehicle, or when SOC of battery 150 is greater
than the threshold value and the electrical system of the
plug-in hybrid vehicle is stopped last time in a state in which
the CD mode is selected. Since charging of battery 150 is
controlled by ECU 170, whether there exists a history of
charging battery 150 by power source 402 external to the
plug-in hybrid vehicle is determined inside ECU 170 using,
for example, a flag. It is noted that the way to select the CS
mode and the CD mode is not limited thereto.

In the CS mode and the CD mode, the plug-in hybrid
vehicle runs using the driving force from at least one of engine
100 and second MG 120.

As shown in FIG. 6, when the running power of the plug-in
hybrid vehicle is smaller than an engine starting threshold
value, the plug-in hybrid vehicle runs only using the driving
force of second MG 120.

On the other hand, when the running power of the plug-in
hybrid vehicle becomes the engine starting threshold value or
greater, engine 100 is driven. Thus, the plug-in hybrid vehicle
runs using the driving force of engine 100 in addition to or in
place of the driving force of second MG 120. Electric power
generated by first MG 110 using the driving force of engine
100 is directly supplied to second MG 120.

As is clear from FIG. 6, the region in which the plug-in
hybrid vehicle is controlled in the CS mode includes a region
in which engine 100 is stopped and a region in which engine
100 is driven. Similarly, the region in which the plug-in
hybrid vehicle is controlled in the CD mode includes a region
in which engine 100 is stopped and a region in which engine
100 is driven.

The running power is calculated by ECU 170, for example,
in accordance with a map having the opening degree of the
accelerator pedal operated by the driver (accelerator posi-
tion), the vehicle speed, and the like as parameters. It is noted
that the way to calculate the running power is not limited
thereto.

In the present embodiment, the running power is used as a
parameter of the plug-in hybrid vehicle that is determined in
accordance with the driver’s operation. It is noted that torque,
acceleration, driving force, accelerator position, or the like
may be used as a parameter of the plug-in hybrid vehicle.
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The engine starting threshold value in the CD mode is
greater than the engine starting threshold value in the CS
mode. More specifically, the region in which engine 100 stops
and the plug-in hybrid vehicle runs only with the driving force
of'second MG 120 in the CD mode is larger than the region in
which engine 100 stops and the plug-in hybrid vehicle runs
only with the driving force of second MG 120 in the CS mode.
Therefore, in the CD mode, control is such that engine 100 is
stopped and the plug-in hybrid vehicle mainly runs only with
the driving force of second MG 120. On the other hand, the
frequency of engine 100 being driven in the CS mode is
higher than the frequency of engine 100 being driven in the
CD mode. Therefore, in the CS mode, control is such that the
plug-in hybrid vehicle runs efficiently using both of engine
100 and second MG 120.

In the following, the engine starting threshold value in the
CS mode is also referred to as a first engine starting power.
The engine starting threshold value in the CD mode is also
referred to as a second engine starting power.

The electric power charged in battery 150 in the CD mode
is set smaller than the electric power charged in battery 150 in
the CS mode. Specifically, in the CS mode, charging power to
battery 150 is set in accordance with SOC of battery 150.
Engine 100 is driven such that electric power corresponding
to the set charging power can be generated using first MG
110. On the other hand, in the CD mode, the charging power
to battery 150 is usually set to zero. In other words, in the CD
mode, battery 150 is charged with electric power obtained by
regenerative braking, but engine 100 is not driven for the
purpose of charging battery 150.

Therefore, in the CD mode, electric power stored in battery
150, in particular, electric power supplied from power source
402 external to the plug-in hybrid vehicle is actively con-
sumed.

Referring to FIG. 7, an instrument panel 190 provided on
the front side of the interior of the plug-in hybrid vehicle will
be described.

On instrument panel 190, a display 192 is provided. As
shown in FIG. 8, a system indicator 500 is displayed on
display 192. A hatched portion 502 of system indicator 500
shows the parameter of the plug-in hybrid vehicle that is
determined in accordance with the driver’s operation. In the
present embodiment, hatched portion 502 of system indicator
500 shows the running power of the plug-in hybrid vehicle. It
is noted that torque, acceleration, driving force, accelerator
position, and the like may be displayed in place of the running
power. The form of the system indicator is not limited to that
illustrated below, and the running power may be displayed in
various forms. For example, the running power may be dis-
played using a well-known display form, for example, such as
an icon, a graph, a histogram, and a numeral.

On display 192, the running power is displayed in different
manners between the CS mode and the CD mode.

When the plug-in hybrid vehicle is controlled in the CS
mode, the running power is displayed together with a third
threshold value predetermined so as to be greater than the first
engine starting power (the engine starting threshold value in
the CS mode).

The running power is displayed together with the third
threshold value indicated by an end portion 504 of system
indicator 500 displayed at a predetermined location. In other
words, in the CS mode, end portion 504 of system indicator
500 shows the third threshold value.

As shown in FIG. 9, for example, an eco-acceleration
power predetermined by the developer based on the results of
experiments and simulations is displayed as the third thresh-
old value together with the running power. In other words, the
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ratio between the eco-acceleration power and the running
power is indicated by system indicator 500. The eco-accel-
eration power shows, for example, the maximum value in a
range in which the vehicle can run with good fuel economy. It
is noted that the definition of the eco-acceleration power is not
limited thereto. The maximum value of power that can be
output by the plug-in hybrid vehicle may be displayed as the
third threshold value together with the running power. Any
other value may be displayed as the third threshold value
together with the running power.

As shown in FIG. 9, when the running power is smaller
than the eco-acceleration power, an eco-lamp 506 turns on to
indicate that the running power is smaller than the eco-accel-
eration power. When the running power is equal to or greater
than the eco-acceleration power, eco-lamp 506 turns off.

As shown in FIG. 10, when the plug-in hybrid vehicle is
controlled in the CD mode, the running power is displayed
together with the second engine starting power (the engine
starting threshold value in the CD mode) in place of the
eco-acceleration power (third threshold value).

The running power is displayed together with the second
engine starting power indicated by end portion 504 of system
indicator 500, in place of the eco-acceleration power. In other
words, in the CS mode, end portion 504 of system indicator
500 shows the second engine starting power. Therefore, the
ratio between the second engine starting power and the run-
ning power is indicated by system indicator 500.

As shown in FIG. 10, when the running power is smaller
than the second engine starting power, an EV lamp 508 turns
on to indicate that the running power is smaller than the
second engine starting power. When the running power is
equal to or greater than the second engine starting power, EV
lamp 508 turns off. In other words, EV lamp 508 turns on
when engine 100 stops in the CD mode. EV lamp 508 turns
off when engine 100 is driven in the CD mode.

Referring to FIGS. 11 and 12, a control structure of the
plug-in hybrid vehicle will be described.

In step (step is hereinafter abbreviated as S) 100, ECU 170
sets the running power of the plug-in hybrid vehicle based on
the accelerator position, the vehicle speed, and the like.

In S102, ECU 170 determines whether SOC of battery 150
is equal to or smaller than the threshold value.

If'SOC of battery 150 is equal to or smaller than the thresh-
old value (YES in S102), the process proceeds to S110. I[f not
(NO in S102), the process proceeds to S104.

In S104, ECU 170 determines whether there exists a his-
tory of charging battery 150 by power source 402 external to
the plug-in hybrid vehicle or whether the electrical system of
the plug-in hybrid vehicle is stopped last time in a state in
which the CD mode is selected.

If there exists a history of charging battery 150 by power
source 402 external to the plug-in hybrid vehicle or if the
electrical system of the plug-in hybrid vehicle is stopped last
time in a state in which the CD mode is selected (YES in
S104), the process proceeds to S130. If not (NO in S104), the
process proceeds to S110.

In S110, ECU 170 controls the plug-in hybrid vehicle in
accordance with the running power in the CS mode.

In S112, display 192 displays the running power together
with the eco-acceleration power.

In S114, ECU 170 determines whether the running power
of the plug-in hybrid vehicle is smaller than the first engine
starting power. If the running power is smaller than the first
engine starting power (YES in S114), the process proceeds to
S116. If not (NO in S114), the process proceeds to S118.

In S116, engine 100 is stopped. In S118, engine 100 is
driven.
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In 8120, ECU 170 determines whether the running power
is smaller than the eco-acceleration power. If the running
power of the plug-in hybrid vehicle is smaller than the eco-
acceleration power (YES in S120), the process proceeds to
S122. If not (NO in S120), the process proceeds to S124.

In S122, eco-lamp 506 turns on. In S124, eco-lamp 506
turns off.

In S130, ECU 170 controls the plug-in hybrid vehicle in
accordance with the running power in the CD mode.

In S132, display 192 displays the running power together
with the second engine starting power in place of the eco-
acceleration power.

In S134, ECU 170 determines whether the running power
of'the plug-in hybrid vehicle is smaller than the second engine
starting power. If the running power is smaller than the second
engine starting power (YES in S134), the process proceeds to
S136. If not (NO in S134), the process proceeds to S138.

In S136, engine 100 is stopped, and EV lamp 508 turns on.
In S138, engine 100 is driven, and EV lamp 508 turns off.

As described above, in the plug-in hybrid vehicle in the
present embodiment, the running power determined in accor-
dance with the driver’s operation is displayed in different
manners between when the plug-in hybrid vehicle is con-
trolled in the CS mode and when the plug-in hybrid vehicle is
controlled in the CD mode. The region in which the plug-in
hybrid vehicle is controlled in the CS mode includes a region
in which engine 100 is stopped and a region in which engine
100 is driven. Similarly, the region in which the plug-in
hybrid vehicle is controlled in the CD mode includes a region
in which engine 100 is stopped and a region in which engine
100 is driven. Therefore, the running power display manner in
the case where engine 100 is driven and the running power
display manner in the case where engine 100 is stopped can be
made equal. Accordingly, even when engine 100 repeats driv-
ing and stopping, the display manner can be the same. As a
result, the driver’s visibility can be improved. When SOC of
battery 150 is equal to or smaller than the threshold value, the
plug-in hybrid vehicle is controlled in the CS mode. When
SOC of battery 150 is greater than the threshold value, the
plug-in hybrid vehicle is controlled in the CD mode. The
region in which engine 100 is stopped and the plug-in hybrid
vehicle runs only with the driving force of second MG 120 in
the CD mode is larger than the region in which engine 100 is
stopped and the plug-in hybrid vehicle runs only with the
driving force of second MG 120 in the CS mode. Therefore,
the running power determined in accordance with the driver’s
operation is displayed in different manners between when
control is such that engine 100 is stopped and the plug-in
hybrid vehicle mainly runs only with the driving force of
second MG 120 and when control is such that the plug-in
hybrid vehicle runs efficiently using both of engine 100 and
second MG 120. Accordingly, the driver can be provided with
proper information in accordance with the operation state of
the plug-in hybrid vehicle. As a result, the driver’s conve-
nience concerning display of the running power representing
the operation state of the plug-in hybrid vehicle can be
improved.

The embodiment disclosed here should be understood as
being illustrative rather than being limitative in all respects.
The scope of the present invention is shown not in the fore-
going description but in the claims, and it is intended that all
modifications that come within the meaning and range of
equivalence to the claims are embraced here.

REFERENCE SIGNS LIST

100 engine, 102 catalyst, 110 first MG, 120 second MG,
130 power split mechanism, 140 speed reducer, 150
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battery, 160 front wheels, 170 ECU, 190 instrument
panel, 192 display, 200 converter, 210 first inverter, 220
second inverter, 230 SMR, 240 charger, 242 AC/DC
converter circuit, 244 DC/AC converter circuit, 246 iso-
lation transformer, 248 rectifier circuit, 250 inlet, 300
charging cable, 310 connector, 312 switch, 314 button,
316 latch, 320 plug, 332 relay, 334 control pilot circuit,
400 receptacle, 402 power source, 500 system indicator,
502 hatched portion, 504 end portion, 506 eco-lamp, 508
EV lamp.

The invention claimed is:

1. A hybrid vehicle, comprising:

an engine,

an electric motor, and

a power storage device that stores electric power to be
supplied to said electric motor

a control unit that determines a parameter of said hybrid
vehicle in accordance with a driver’s operation and
switches a control mode between a Charge Depleting
mode that does not sustain SOC of said power storage
device and a Charge Sustain mode that sustains the SOC;
and

a display unit that displays said parameter, wherein

in said Charge Sustain mode, said control unit drives said
engine when said parameter is equal to or greater than a
first value,

in said Charge Depleting mode, said control unit when said
parameter is equal to or greater than a second value that
is greater than said first value, and

said display unit displays said parameter in different man-
ners between when said hybrid vehicle is controlled in
said Charge Sustain mode and when said hybrid vehicle
is controlled in said Charge Depleting mode.

2. The hybrid vehicle according to claim 1, wherein

said display unit displays said parameter while displaying
a third value greater than said first value using an indi-
cation at a predetermined location when said hybrid
vehicle is controlled in said Charge Sustain mode, and
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said display unit displays said parameter while displaying
said second value in place of said third value using said
indication when said hybrid vehicle is controlled in said
Charge Depleting mode.

3. The hybrid vehicle according to claim 1, further com-
prising a light portion which turns on when said engine is
stopped in said Charge Depleting mode, and which turns off
when said engine is driven in said Charge Depleting mode.

4. The hybrid vehicle according to claim 1, wherein said
parameter is power.

5. A parameter display method for a hybrid vehicle which
is provided with an engine, an electric motor, and a power
storage device that stores electric power to be supplied to said
electric motor, comprising the steps of:

determining a parameter of said hybrid vehicle in accor-

dance with a driver’s operation, and switching a control
mode between a Charge Depleting mode that does not
sustain SOC of said power storage device and a Charge
Sustain mode that sustains the SOC; and

displaying said parameter, said step of controlling said

hybrid vehicle including the steps of:
insaid Charge Sustain mode, driving said engine when said
parameter is equal to or greater than said first value; and

in said Charge Depleting mode, driving said engine when
said parameter is equal to or greater than a second value
that is greater than said first value,
said step of displaying said parameter including a step of
displaying said parameter in different manners between
when said hybrid vehicle is controlled in said Charge
Sustain mode and when said hybrid vehicle is con-
trolled in said Charge Depleting mode.
6. The hybrid vehicle according to claim 1, wherein
said display unit displays said parameter together with a
third value greater than said first value when said hybrid
vehicle is controlled in said Charge Sustain mode, and

displays said parameter together with said second value in
place of said third value when said hybrid vehicle is
controlled in said Charge Depleting mode.
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